INTRODUCTION
The Monterey Formation in the Santa Maria and Santa Barbara-Ventura basins has received considerable attention in recent years both as an oil source and as an oil reservoir. As an oil-source, the Monterey Formation has some unusual characteristics. For example, increasing evidence suggests that most parameters widely used to judge thermal maturity of kerogen are either misleading or difficult to interpret in the Monterey Formation, partly because of compositional characteristics and partly because much Monterey oil is probably generated at levels of organic metamorphism mormally considered as immature (McCulloh, 1979; Orr, 1983; Walker and others, 1983; Kruge, 1983; Hickey, 1984, 1987) .
Because of its economic importance, Monterey organic geochemistry has been studied mainly by the petroleum industry, and very few data on Monterey kerogens and oils have been made available in the public domain. An area where data are especially sparse is the Santa Maria and Santa Barbara-Ventura basins. The purpose of this report is to make accessible a set of kerogen data for the area.
The report provides organic and inorganic analytical data on 44 rock samples from the Monterey Formation and overlying Sisquoc Formation of the Santa Maria and Santa Barbara-Ventura basins (Figure 1 ).
Included are 37 samples from 6 wells comprising a north-south transect within the onshore Santa Maria basin from the Santa Maria Valley oil field to the Lompoc oil field (Figure 2 ; Tables 1 and 2 ). This transect was designed as a reconnaissance study of kerogen thermal maturity parameters in the Monterey Formation and lower part of the overlying Sisquoc Formation. Because the Monterey is relatively thin «1500 ft or 450 in) in this area, the total range of thermal exposure within the Monterey in an individual well is relatively small -about 19-31°C, based on geothennal gradients of 40-70°C/km (French, 1940; Pisciotto, 1981) . In order to cover a fuller range of thermal exposure, the study was thus based on laterally equivalent sets of samples from 6 different wells at various levels of maturity. Part of the analytical data reported here for the 37 subsurface samples was previously summarized in an abstract by Isaacs and Magoon (1984) and cited by Isaacs and Petersen (1987) .
The remaining 7 samples are outcrop samples representing a small reconnaissance set of laterally equivalent strata from the transitional marlsiliceous member of the Monterey Formation in the coastal area between Point Conception and Rincon Point (Figure 3 ).
Based on well-studied silica diagenetic patterns (Isaacs, 1982; Keller, 1984) , samples represent increasing diagenetic grade as follows: Goleta Slough (opal-A), Rincon Point (opal-A + opal-CT), Gaviota East Beach (opal-CT), and Black Canyon (quartz) (Figure 3 ).
METHODS

Sample Selection
Subsurface samples were selected from core material previously collected from Union Oil Company and Arco Oil and Gas Company.
Within each well, samples were chosen to represent the siliceous shale/mudstone of the Sisquoc Formation (where available) and a broad range of the lithotypes in the Monterey Formation; included with the Monterey are 2 fine-grained samples from the underlying Point Sal Formation.
The Monterey samples should not be interpreted as lithotypes especially representative or typical of the interval from which they were sampled. Nor should average values of the samples be interpreted as average values of the sequence as a whole. Heterogeneity of composition is so marked in the Monterey Formation in this area that several hundred samples would be needed for confident determination of mean values (Isaacs, 1987) .
Outcrop samples from the Santa Barbara-Ventura coastal area were selected from the transitional-marl siliceous member of the Monterey Formation, a member which has ubiquitous carbonate and on average more organic matter than the formation as a whole (Isaacs, 1983) . Samples were intended to represent pairs of calcareous silica-rich rocks and calcareous silica-poor rocks. However, the two samples from Rincon Point are similar in composition (see Tables 7 and 8) , and only one sample was processed from Black Canyon due to limited availability of fresh outcrops. This small set of samples is highly select and was not designed to represent average values for the Monterey Formation in the Santa Barbara-Ventura coastal area as a whole.
Sample Preparation
Samples were prepared for three different types of analysis: (1) organic analysis; (2) inorganic analysis; and (3) (not reported here) determination of bulk density and grain density. Samples were cut on a free-flowing water saw or (where friable) on a dry saw.
Amounts submitted for organic analysis ranged from 138 to 330 g, and amounts for inorganic analysis from 6 to 15 g.
In comparing results from the organic and inorganic analysies, note that the two sets of analyses were not performed on powder splits of the same piece of sample, but on separate pieces of sample.
Where a single piece of bulk sample was large enough, all analytical pieces (including density plugs) were cut from the same chunk and represent matching or nearly matching pieces. However, a uniform chunk of each sample was not in all cases large enough or properly shaped to allow matching pieces for both sets of analyses. In some cases, moreover, separate chunks of sample had to be aggregated in order to obtain sufficient material (av 200 g) for the organic analyses.
The level of correspondence between the material used for inorganic analysis and the material used for organic analysis is listed in Table 2 . In this table, "exact match" means that a single chunk of sample was trimmed to represent a single stratigraphic horizon and was cut vertically into pieces for the two sets of analyses so that the two pieces were as exactly matching as possible (except for any lateral differences). "Near match" means that a single chunk of sample was trimmed and cut vertically into two pieces that were almost matching, but one of the pieces included 5-10% material not included in the other piece (for example, where the bulk chunk was slightly tapered). "Part match" means that a single chunk of sample was cut into two pieces, but the bulk sample was quite irregular in shape so that the two pieces did not exactly correspond (for example, the inorganic piece may have included only half the thickness represented by the organic piece). "Similar" means that the two pieces were not cut from the same bulk chunk but represented separate pieces of rock that looked lithologically similar.
Organic Analytical Techniques
Samples in this study were processed for organic geochemical parameters along with samples in the U.S. Geological Survey's oil and gas source rock study of the National Petroleum Reserve in Alaska (NPRA) (Claypool and Magoon, 1988) .
Parameters determined were: total carbon (of whole rock); organic carbon (of whole rock); vitrinite reflectance; thermal alteration index (TAI); elemental composition including C, H, N, 0, S, ash (of kerogen concentrate); results from pyrolysis assay by thermal evolution analysis-flame ionization detector (TEA-FID); and abundance of C^-Cy gasoline-range hydrocarbon compounds (of whole rock). The TEA-FID method (including results for total hydrocarbon, volatile hydrocarbon, and Tmax) is similar to Rock-Eval pyrolysis, but results are not exactly comparable.* All organic-matter analyses were performed by Geochem Research, Inc., of Houston, Texas. The techniques used in the analysis were detailed by Claypool and Magoon (1988) except for 0 and S determinations. Oxygen abundance was determined by the Unterzaucher technique. Sulfur abundance was determined by the conversion of sulfur to sulfate (decomposition of organic matter by combustion in a Schoeniger flask in oxygen, with the 802-803 mixture absorbed in aqueous hydrogen peroxide), and the sulfate was measured in 80% isopropanol by titration with Ba(ClO^) solution using Thorin indicator.
Inorganic Analytical Techniques
A matching or similar piece of each sample was analyzed for major element abundances by X-ray fluorescence spectroscopy (XRF).
These analyses were performed on undried powders by the U.S. Geological Survey's Branch of Geochemistry as described by others (1981, 1987) ; identical
In the abstract by Isaacs and Magoon (1984) , values of volatile hydrocarbon and total hydrocarbon were incorrectly identified as Sj and 8^+82 respectively. Blake and others (1978) . (B) Oil and gas fields in the onshore Santa Maria basin, California.
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From California Division of Oil and Gas (1974) . Inc. Abundances of total carbon and organic carbon are reported as a weight fraction of the whole rock, and elemental analyses as a fraction of the kerogen concentrate. Except for methods used to determined 0 and S (see text), analytical methods were described by Claypool and Magoon (1988) . Table 4 . Visual identification of kerogen, mean and mode values for vitrinite reflectance, thermal alteration index (TAX), data from pyrolysis assay (TEA-FID), and total abundance of C^-Cy gasolinerange hydrocarbons, analyzed by Geochem Research, Inc. Total hydrocarbon and volatile hydrocarbon are reported as a weight fraction of the whole rock, and C^-Cy gasoline-range hydrocarbons as a volume fraction of the whole rock. Table 5 details gasoline-range compounds, and Table 6 lists vitrinite reflectance observations. Analytical methods were described by Claypool and Magoon (1988) .
Visual kerogen Identification
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Values listed in columns 2 through 7 ("Detritus through "Organic matter") have been normalized to sum to 100%. The quantity "sum" represents the pre-normalized sum of components (detritus + silica + apatite + dolomite + calcite + organic matter) derived from data in Table 7 using formulas in Isaacs and others (1989a, b; 1990) ; this sum is consistently less than 100% due to the presence of H20~. See text for comments on negative values and problems with the calcite-dolomite partition.
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Sil./Sil.+Carb. ' . * * * * Figure 9 . Proportion of silica in the sum silica + carbonates, calcite, and dolomite by depth for Santa Maria subsurface samples from Table 8 . Note that for some samples these results do not derive from material exactly matching that used for organic analyses (see Table 2 and text). For comments on negative values, see text.
Carbonate carbon, % Figure 11. ^2^3 versus other major oxides for analyzed surface and subsurface samples from Table 7 . Correlations were calculated by least-squares linear regression; "r" is the correlation coefficient. Figure 12 . Measured values of carbonate carbon (from Table 7 ) versus values estimated from oxide analyses of analyzed surface and subsurface samples. Correlations were calculated by least-squares linear regression; "r" is the correlation coefficient. Estimated carbonate carbon (Dol. x 0.13 4-Cal. x 0.12), * methods were used on samples reported by Isaacs and others (1989a, b; 1990) . Powder splits of most of the XRF samples were also analyzed on dried samples for total carbon and carbonate carbon (organic carbon by difference), by methods described by Jackson and others (1987) ; identical methods were used on samples reported by Isaacs and others (1989a) and (except for drying) by Isaacs and others (1990) .
Major inorganic rock components were estimated from elemental abundances of Si02» A1203, CaO, MgO, and P2°5 ^v constants developed for the Monterey Formation in the Santa Barbara coastal area (Isaacs, 1980; Isaacs and others, 1983) . Components are silica (both biogenic and diagenetic silica, including opal-A, opal-CT, and diagenetic quartz), detritus (detrital quartz and aluminosilicate minerals, mainly consisting of mixed-layer illite-smectite with minor feldspar and quartz), carbonate minerals (calcite and dolomite), apatite, and organic matter. Minor pyrite is also common, but its abundance has not been estimated. The approximation method is discussed in more detail by Isaacs and others (1989a, b; 1990) .
Analytical reproducibility of these methods was studied by Isaacs and others (1989a, b) who showed that for core samples the average standard deviations for blind duplicate splits of powder are 0.5 wt% detritus, 0.4 wt% silica, 0.1 wt% dolomite, 0.2 wt% calcite, 0.01 wt% apatite, and less than 0.1 wt% organic matter.
Two problems of accuracy are noted related to the approximation of sedimentary components.
First, some components yield negative numbers (see Table 8 ) due to somewhat inaccurate partitioning of the CaO, MgO, and ?2^5 *nto t^le aluminosilicate fraction; however, inaccuracies are usually less than 1 wt% and thus only significant where values are small. Second, dolomite is generally somewhat more abundant than calculated here due to having CaO in excess of ideal amounts; however, the sum of calcite + dolomite is quite accurate (within 0.03 wt% carbonate carbon) (Isaacs and others, 1989a, b) . Van Krevelen diagram for kerogens reported here. Curves indicate patterns of diagenesis for kerogens of type I, II, and III (from Tissot and Welte, 1978) .
Open circles represent surface outcrops from the Santa Barbara coastal area.
RESULTS
Data from the organic analyses are presented in Tables 3-6, and data from  the inorganic analyses in Tables 7-8. Selected parameters are graphed in Figures 4-10 for subsurface samples, and for all samples in Figures 11-12 . Selected values are summarized in Tables 9-11 .
Organic Matter Characterization
Organic carbon abundance in the kerogen data set is quite variable, ranging from 0.6% to 14.7% (Table 9) .
On average, values of organic carbon abundance in Monterey samples from the Santa Maria subsurface (av 3.5%) exceed values from the Sisquoc Formation (av 2.2%), while the small set of samples from the Santa Barbara-Ventura coast (av 6.2%) have much higher organic carbon abundances (Table 9) .
Visual kerogen identification indicates that samples on average contain mainly amorphous material (65%), which is generally interpreted as marinederived material (Table 9) .
Herbaceous, humic, and inertinite particles (generally interpreted as land-derived material) together comprise the remaining 35% of kerogen ( Table 9 ).
The average proportion of nonamorphous material does not vary significantly between Monterey samples and Sisquoc samples from Santa Maria, nor between samples from the Santa Maria Basin and the Santa Barbara-Ventura coast.
The high proportion (35%) of nonamorphous material contrasts somewhat with the common view that Monterey organic matter is entirely marine (e.g., Kablanow and Surdam, 1983) .
In terms of elemental composition, samples contain immature and marginally mature type I and type II kerogen ( Figure 13 ).
The less mature samples (0/C >0.1) are all from the surface (Santa Barbara-Ventura coast) or from the Sisquoc Formation (subsurface Santa Maria) (Table 3) . Table 9 . Average abundance of organic carbon (in weight % of rock) and visual kerogen type (in % of kerogen) for the Santa Maria subsurface transect and Santa Barbara-Ventura coastal samples, summarized from Tables 3 and 4 . Values for the average and range should not be interpreted as representative of the entire formation from which they were sampled (see text) but only as values for the set of 44 samples reported. In terms of total organic carbon abundance, over 90% of the samples (and all but 1 Monterey sample) can be characterized as source-rock material (>1% TOC) (Table 9 ). About 55% of samples have at least good source-rock potential (>2% TOC), and 25% of the samples have excellent source-rock potential (>5% TOC).
In terms of total hydrocarbon yield from pyrolysis assay, all but 2 samples (both from the Sisquoc Formation) are source-rock material (values >0.2%), and average values are good (0.6-2%) to excellent (>2%) ( Table 10 ). In terms of volatile hydrocarbon yield from pyrolysis, all samples qualify as source-rock material (values >100 ppm), and average values are all excellent O1500 ppm).
By these criteria (summarized from Claypool and Magoon, 1988) , the sample set has on average good to excellent source-rock potential.
However, variability in values is pronounced, and averages for the sample set (Tables 9  and 10 ) are not necessarily representative of the sequences sampled as a whole.
Thermal Maturity Parameters
In Figures 4 to 7 , values of thermal maturity parameters have been plotted against present depth as a rough approximation of thermal exposure. On this basis, TAI (Figure 4) shows a distinct depth-related trend from 1.1 to 2.3, and Tmax ( Figure 5 ) a distinct depth-related trend from about 420°C to about 470°C (except for 2 anomalous Sisquoc samples from the Newlove 51 well). The total abundance of C^ to C^ gasoline-range compounds (Figure 7) shows a depth-related threshold increase at about 8000 feet (from <500 to >1000 ppm), and atomic 0/C (Figure 6 ) shows a sharp depth-related decrease at about 2000 feet. Other parameters (atomic H/C, volatile proportion of total hydrocarbon, and vitrinite reflectance (RQ )) show only indistinct (if any) depth-related trends (Figures 4, 5, and 6) .
(For comparison of the depthrelated distribution of organic maturity parameters with sedimentary compositions, Figures 8 to 10 plot the inorganic compositional parameters of each subsurface sample by depth.) Table 11 . Average values of thermal maturity parameters for the Santa Maria subsurface transect (from Table 4 The distribution of silica phase zones suggests that present burial depth does not correspond perfectly with maximum thermal exposure, due to differences in uplift (Pisciotto, 1978 (Pisciotto, , 1981 .
Silica diagenetic patterns determined for these wells (Pisciotto, 1978 (Pisciotto, , 1981 show that: (a) the entire Monterey Formation in the Harris A-2 and SST 25-11 wells as well as the entire Monterey Formation underneath the Orcutt frontal fault in the Dome 18 well (including samples analyzed from present-day depths of 8013-10952 ft) is quart zose, (b) the upper part of the Monterey in the Newlove 51 well (including the analyzed sample at a present depth of 2037 ft) is at the boundary between the opal-CT and quartz zones, and (c) the entire Monterey in the Signal Brown 1 well (including analyzed samples at present-day depths of 3734-3922 ft) is in the opal-CT zone.
In the Annex 1 well, the transition from the opal-A to opal-CT zones apparently falls between well depths of 900 and 1300 feet.
The wells can be arranged in approximate accordance with silica diagenetic patterns as follows:
(1) Annex 1 (opal-A to opal-CT); (2) Signal Brown 1 (opal-CT); (3) Newlove 51 (opal-CT to quartz transition); (4) SST 25-11, Harris A-2, and Dome 18 (quartz).
On this basis, average values of thermal maturity parameters show the following trends related to increasing silica diagenesis: TAI increases, Tmax increases, atomic 0/C decreases, and total C^-Cy gasoline-range hydrocarbon abundance passes a threshold in the quartz zone (Table 11) .
Values of the volatile proportion of total hydrocarbon and atomic H/C show no marked trend related to silica diagenesis, and values of vitrinite reflectance (RQ ) show a slight increase in the quartz zone (Table 11 ). The set of surface samples from the Santa Barbara-Ventura coast (a set which includes only the upper part of the quartz zone, at Black Canyon) does not show convincing trends related to silica diagenesis -which increases from Goleta Slough (UGO) to Rincon Point (RIN) to Gaviota East (GE) to Black Canyon (BLK) -except in values of atomic 0/C, which decrease with increasing silica diagenetic grade (Table 3 ).
The conclusion is that in this data set some of the organic maturity parameters (TAI, T x , atomic 0/C, total C^-Cy gasoline range hydrocarbon abundance) show distributions consistent with expected maturity trends, whereas other maturity parameters (volatile proportion of total hydrocarbon, atomic H/C, and RQ ) show only inconsistent or indistinct trends* In deepest samples, some maturity parameters (TAI, Tmax, and volatile proportion of hydrocarbons) have values within the range accepted for the onset of oil generation, while others (RQ , H/C) have values indicating immaturity. The study also shows that variations in the analytical results are sufficiently great, even among closely spaced samples, that a large number of samples need to be used in order to establish trends with confidence*
